The objectives of this study were to examine venous thromboembolism (VTE) prophylaxis patterns and risk for VTE events during hospitalization and in the outpatient continuum of care among patients hospitalized for acute illnesses in the United States with stratification by different age groups and renal disease status. Acutely ill hospitalized patients were identified from the MarketScan databases (January 1, 2012-June 30, 2015) and grouped by age (<65, 65-74, 75 years old) and whether or not they had a baseline diagnosis of renal disease, separately. Of acutely ill hospitalized patients, 60.1% (n ¼ 10 748) were <65 years old, 15.7% (n ¼ 2803) were 65 to 74 years old, and 24.3% (n ¼ 4344) were 75 years old; 32.9% (n ¼ 5892) had baseline renal disease. Among the study cohorts, the majority of patients received no VTE prophylaxis regardless of age or baseline renal status (52.1%-63.6%). Rates of VTE during hospitalization and in the 6 months postdischarge were 4.7%, 4.6%, and 4.5% for patients <65, 65 to 74, and 75 years old, respectively, and 6.3% and 3.8% for patients with and without baseline renal disease. The risk for VTE was elevated for 30 to 40 days after index admission regardless of age and renal disease status.
Introduction
Annually, in the United States, approximately 500 000 venous thromboembolism (VTE) events occur, and in 2011 total health-care costs of patients with VTE were estimated to range between US$13.5 and US$27.2 billion, with US$4.5 to US$14.2 billion predicted as preventable hospital-acquired costs. 1, 2 Patients hospitalized for acute medical illnesses have a significant risk for VTE, which can extend for several weeks to months after discharge from the hospital. 1, 3, 4 The cost of a VTE event related to hospitalization for another acute illness within the first 3 months from the index hospitalization has been estimated to increase medical costs by approximately US$17 000 (2011 USD) per patient, compared to control cases without a VTE event. 5 Studies have shown that patients aged older than 75 and those with kidney disease have an elevated risk of VTE over the general population. 4, [6] [7] [8] [9] However, VTE prophylaxis among older hospitalized patients and those with impaired renal function may be compromised and ineffective for reducing VTE risk in these patient populations. 6, 9 Additionally, pharmacologic prophylaxis for such populations may increase the risk of adverse events, including major bleeding. 10 Venous thromboembolism thromboprophylaxis in the inpatient setting has been shown in some studies to reduce the risk of VTE during hospitalization among both older patients and those with renal disease. 11, 12 Although other studies show conflicting data on the benefit of inpatient VTE thromboprophylaxis for such patient populations as well as other patient populations with other VTE risk levels. 1, 6, [13] [14] [15] Also, there is scant information on the effectiveness of VTE thromboprophylaxis for reducing the risk of VTE after hospital discharge among older patients and those with renal disease.
The health-care and economic burden of VTE is substantial, and the uncertainty regarding appropriate prevention strategies, especially among patients who are older or have compromised renal function, warrant further study. Thus, we examined VTE prophylaxis treatment patterns and VTE risk during hospitalization and in the 6 months following hospital discharge as well as the frequency of VTE-related hospital readmissions among patients hospitalized for acute medical illnesses and stratified by different age groups and presence or absence of baseline renal disease.
Methods

Study Population
This was a retrospective database analysis to evaluate the patterns of pharmacologic VTE prophylaxis among patients hospitalized for acute medical illnesses in the real-world setting. Patients hospitalized for acute medical illnesses of cancer, heart failure, infectious diseases, ischemic stroke, respiratory diseases, and rheumatic diseases, as the primary hospital discharge diagnosis were identified from the Truven Health Analytics MarketScan databases between January 1, 2012, and June 30, 2015. Medical illnesses were identified by International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes. The acute medical illnesses were based on the American College of Chest Physician (ACCP) guidelines and other existing clinical trial populations. [16] [17] [18] The databases consist of health-care claims data from >100 different insurance companies, Blue Cross Blue Shield plans, and third-party administrators. The claims data include inpatient and outpatient information, laboratory data, and detailed hospital drug data, reflecting real-world treatment patterns and costs. In compliance with the Health Insurance Portability and Accountability Act of 1996, the databases consist of fully deidentified data sets, with synthetic identifiers applied to patientlevel and provider-level data to protect the identities of both the patients and the data contributors. The MarketScan claims databases were further linked to the MarketScan Hospital Drug Database to provide the details of health-care services, resource utilization, and costs in both inpatient and outpatient settings.
The earliest hospitalization for acute medical illnesses to occur during the index identification period was defined as the index hospitalization. Patients were required to have 6 months of continuous medical and prescription insurance coverage prior to the index hospitalization (baseline period). Patients were additionally required to have 6 months of continuous insurance coverage after the index admission date (follow-up period). Patients were excluded if they had a pregnancy diagnosis during the baseline period or at the index hospitalization, death during the index hospitalization, or hip or knee replacement surgery during the index hospitalization. The study population was separately grouped into 3 cohorts by age (<65 years, 65-74 years, and 75 years) and 2 cohorts based on whether or not they had a diagnosis of renal disease during the baseline period.
Demographics, Patient Clinical Characteristics, and Hospital Characteristics
Patient demographics and clinical characteristics, including age, gender, health plan type, Charlson Comorbidity Index (CCI) score, and hospital length of stay (LOS), were evaluated during the 6-month baseline period and index hospitalization for each of the study cohorts. Hospital characteristics (ie, year of hospitalization, geographic region, urban/rural status, teaching status, and bed size) were additionally evaluated.
Prophylaxis Patterns of VTE
The proportions of patients who received and did not receive inpatient and/or outpatient VTE pharmacologic prophylaxis were determined for each of the study cohorts. Venous thromboembolism prophylaxis in the inpatient setting was determined based on pharmacy records for enoxaparin, warfarin, direct-acting oral anticoagulants (DOACs: apixaban, dabigatran, rivaroxaban, and edoxaban), fondaparinux, or unfractionated heparin (UFH) during the index hospitalization. Venous thromboembolism prophylaxis in the outpatient setting was determined based on pharmacy claims for the above-listed anticoagulants within 15 days after VTE diagnosis. Among patients who received inpatient and/or outpatient prophylaxis, the proportions of patients who received enoxaparin only, warfarin only, enoxaparin and warfarin combined, a DOAC only, and "other" VTE prophylactic drug combinations or drugs (eg, other anticoagulant combinations, fondaparinux) were evaluated.
VTE Events
The proportions of patients with VTE events during the index hospitalization and within 6 months of hospital discharge were evaluated for each of the study cohorts. A VTE event during the index hospitalization was based on the presence of an ICD-9-CM code for deep vein thrombosis (DVT) and/or pulmonary embolism (PE) at either primary or secondary position of discharge diagnosis codes. A VTE event during the postdischarge follow-up period was defined by the presence of a primary or secondary ICD-9-CM code for DVT and/or PE during an emergency department or inpatient admission or on an outpatient claim with 1 or more of the following confirmatory events: a pharmacy claim for enoxaparin, fondaparinux, or UFH within 15 days after VTE diagnosis or a pharmacy claim for warfarin or DOACs (apixaban, dabigatran, rivaroxaban, edoxaban) within 15 days after VTE diagnosis, and no evidence of atrial fibrillation or atrial flutter in the 6 months preceding the outpatient diagnosis for DVT and/or PE.
All-Cause and VTE-Related Hospital Readmissions
The proportions of patients with all-cause and VTE-related hospital readmissions in the 6-month postdischarge follow-up period were determined for each of the study cohorts.
Statistical Analyses
Descriptive statistics were utilized to evaluate differences in demographics, clinical characteristics, and hospital characteristics among the study cohorts stratified by age groups and among the study cohorts stratified by baseline renal disease status, separately. Analysis of variance and w 2 tests were used to detect statistically significant differences in continuous and categorical variables, respectively. Multivariable logistic regression analyses were conducted to evaluate the influence of age and baseline renal disease status on the likelihood of receiving any (inpatient or outpatient) VTE prophylaxis in the inpatient or outpatient setting. Covariates in the regression models included age, gender, region, index acute medical illness, preindex comorbidities (atrial fibrillation, VTE, major bleeding), and hospital characteristics, including admission source, urban/rural, teaching status, and bed size. Values of P were determined by Maximum Likelihood Estimates for the regression analyses. The VTE event rates occurring after the index hospital admission date were evaluated using KaplanMeier analysis for all study cohorts. A critical value of 0.05 was used to determine statistical significance. All statistical analyses were carried out using SAS version 9.4.
Results
Study Population
Patient demographics and clinical characteristics of the study cohorts are shown in Table 1 . Of acutely ill hospitalized patients (n ¼ 17 895), 60.1% (n ¼ 10 748; mean age: 45.5 years) were <65 years of age, 15.7% (n ¼ 2803, mean age: 69.5 years) were 65 to 74 years of age, and 24.3% (n ¼ 4344; mean age: 83.0 years) were 75 years of age. Patients aged 65 years and older (66%-67%) were more likely to have comprehensive health plan coverage than patients <65 years of age (39.0%). Mean CCI score, measured at the index hospitalization, was highest for patients aged 65 to 74 years (CCI ¼ 2.6). The mean index hospitalization LOSs were 4.6, 5.1, and 5.1 days for patients <65, 65 to 74, and 75 years of age, respectively.
Of the overall study population, 32.9% (n ¼ 5892) had a diagnosis of baseline renal disease and 67.1% (n ¼ 12 003) did not. Patients with renal disease were older (64.1 vs 55.6 years, P < .001), more likely to have comprehensive health plan coverage (63.0% vs 43.7%, P < .001), and had higher CCI scores (3.2 vs 1.7, P < .001) than patients without renal disease.
Hospital characteristics of the study cohorts are shown in Table 2 . For study cohorts grouped by age, most hospitals were urban (84%-89%), nonteaching (95%-96%), of large size (300 to 500 beds: 60%-71%), and located in the South Census region (74%-80%) reflecting the distribution of hospital records contained in the database. Similarly, patients with and without renal disease received care mostly from urban (87%-88%), nonteaching (95%-96%), large-size hospitals (67%-69%) located in the South Census region (75%-80%). Figure 1A and B shows the proportions of acutely ill hospitalized patients who received VTE pharmacologic prophylaxis in the inpatient and outpatient settings as well as those who did not receive any. A greater proportion of patients <65 years of age (63.6%) did not receive any VTE prophylaxis in comparison to cohorts of patients 65 to 74 years of age (52.8%) and 75 years of age (52.1%; P < .001). More patients 75 years of age (11.0%) received both inpatient and outpatient VTE prophylaxis than patients <65 (5.4%) and 65 to 74 (7.7%) years of age. Of those who received inpatient prophylaxis, most patients of any age-group received enoxaparin only (<65: 84.5%; 65-74: 73.0%; 75: 64.6%; P < .001; Table 3 ). In the outpatient setting, warfarin only was the most frequent anticoagulant patients received (<65: 35.8%; 65-74: 42.5%; 75: 55.2%, P < .001; Table 3 ). After controlling for differences in patient and hospital characteristics, the findings of the regression analysis showed that patients 75 years of age and between 65 and 74 years of age were 1.4-fold (confidence interval [CI]: 1.3 -1.5, P < .001) and 1.2-fold (CI: 1.2 -1.3, P < .001), respectively, more likely to have received any VTE prophylaxis than patients <65 years of age.
Venous Thromboembolism Prophylaxis
A greater proportion of patients with renal disease did not receive any VTE prophylaxis than patients without renal disease (59.8% vs 57.7%, P < .001). Only 8.7% and 6.3% of patients with and without renal disease, respectively received VTE prophylaxis in the inpatient and outpatient continuum of care. Of those who received inpatient prophylaxis, most patients with and without renal disease received enoxaparin only (with: 68.1%, without: 81.0%; P < .001; Table 3 ). In the outpatient setting, warfarin only was the most frequent anticoagulant received (with: 43.7%; without: 43.8%, P < .001; Table 3 ). After controlling for differences in patient and hospital characteristics, the findings of the regression analysis showed that patients with baseline renal disease were less likely to have received any VTE prophylaxis than patients without renal disease (odds ratio: 0.8, CI: 0.8-0.9, P < .001).
VTE Events
The proportions of patients with VTE events during the index hospitalization and within 6 months of hospital discharge are shown in Figure 2A and B. The VTE event rate in the inpatient setting and within 6 months of hospital discharge was 4.7% for patients <65 years of age, with 66.9% having occurred postdischarge. For patients 65 to 74 years of age, VTE event rate in the inpatient setting and within 6 months of hospital discharge was 4.6%, with 54.2% having occurred postdischarge. For patients 75 years of age, VTE event rate in the inpatient setting and within 6 months of hospital discharge was 4.5%, with 51.8% having occurred postdischarge. The VTE event rate was slightly higher among younger patients than older age-groups (P ¼ .002).
The VTE event rate in the inpatient setting and within 6 months of hospital discharge was higher for patients with versus without baseline renal disease (6.3% vs 3.8%, P < .001). Among patients with and without baseline renal disease, 66.1% and 55.4% of VTE events, respectively, occurred postdischarge.
VTE-Related Hospital Readmissions
Within 6 months of hospital discharge, 29.4%, 23.7%, and 22.3% of patients <65, 65-74, and 75 years of age, respectively had a hospital readmission for any cause (P < .001); of which 7.5%, 6.2%, and 5.9% were VTE-related (P ¼ .14; Figure 3A) .
Hospital readmission rate for any cause was higher among patients with baseline renal disease versus those without (23.0% vs 34.5%, P < .001). Among patients with renal disease, 7.8% of readmissions were VTE-related and among those without renal disease, 6.5% were VTE-related (P ¼ .08; Figure 3B ).
VTE Event Risk
The risk of VTE events within 6 months of hospital discharge is shown in Figure 4 for the study cohorts. For all study cohorts, VTE risk remained elevated up to 30 to 40 days after hospital admission.
Discussion
In this retrospective analysis of nearly 18 000 patients with acute medical illnesses who received care in US hospitals, nearly one-quarter were 75 years of age and one-third had renal disease. Patients between 65 and 74 years of age and 75 years of age were more likely to have received any VTE pharmacologic prophylaxis than younger patients; however, for all age groups more than half did not receive any VTE pharmacologic prophylaxis and few (<11%) received both inpatient and outpatient prophylaxis. When patients were stratified by baseline renal disease status, those with renal disease were found to have a lower likelihood of having received any VTE pharmacologic prophylaxis compared to patients without renal disease, although approximately 60% of either cohort did not receive any VTE pharmacologic prophylaxis and less than 10% received both inpatient and outpatient prophylaxis. VTE event rate in the inpatient and outpatient continuum of care (6 months post-discharge) was higher for patients <65 years of age (4.7%) than for patients 65 to 74 years of age (4.6%) and patients 75 years of age (4.5%). However, the differences in VTE event rates across the different age groups were relatively minor. Younger (<65) patients also more frequently had a VTE event after hospital discharge (66.9% vs 51.8%-54.2% of patients of older age groups). Patients who were diagnosed with renal disease were nearly twice as likely as those without renal disease to have a VTE event (6.3% vs 3.8%), and two-thirds of the events for patients with renal disease occurred after hospital discharge. We would like to Figure 1 . Proportions of hospitalized patients who received VTE prophylaxis in the inpatient and outpatient settings with (A) stratification by agegroup and (B) stratification by baseline renal disease status. All P values <.001 for comparisons of cohorts stratified by age-group and cohorts stratified by baseline renal disease status. VTE indicates venous thromboembolism. note that not all hospitalized acutely medically ill patients in this study may have been considered at increased risk for VTE based on the ACCP criteria. 16 The frequency of inpatient VTE prophylaxis observed in our study is similar to the findings of Mahan et al, who reported an inpatient VTE prophylaxis rate of 41.5% among 141 628 hospitalized medically ill patients between 2005 and 2009. 15 In the study by Mahan et al, older patients and those with renal failure/insufficiency were more likely to have received VTE prophylaxis, and thus our results are consistent with regard to age, but not renal disease status. 15 The lower frequency of VTE prophylaxis for patients with renal disease observed in our study may be reflective of the greater uncertainty in the benefit versus risk for this patient population and the lack of more specific treatment guidelines among patients with renal diseases. The frequency of inpatient VTE prophylaxis in the current study was also fairly similar to that of another older study of 11 139 medically ill hospitalized patients between 2005 and 2008, which was 46.7% in the inpatient setting (majority treated with enoxaparin) and 8.8% in the outpatient setting (majority treated with warfarin). 19 In this latter study, VTE event rate was 3.3%, of which 56.6% occurred after hospital discharge. 19 The results of our study compared to other earlier conducted studies show that VTE prophylaxis patterns have remained fairly unchanged over the last decade. Moreover, there has not been any evidence of a decline in VTE event rate among hospitalized acutely medically ill patients during hospitalization or after discharge. 15, 19 Few studies have examined VTE prophylaxis patterns and VTE risk specifically among older patients and those with renal disease. A recent study conducted in France of patients hospitalized for acute medical illness found that patients 75 years of age who received thromboprophylaxis did not have a reduced risk of VTE, although those <75 years of age did have a VTE risk reduction. 6 Another study of older patients (33% received VTE prophylaxis) from the Acute Decompensated Figure 2 . Proportions of patients with VTE events during the index hospitalization and within 6 months of hospital discharge with (A) stratification by age group and (B) stratification by baseline renal disease status. P values are for comparisons of cohorts stratified by age-group and cohorts stratified by baseline renal disease status, separately. VTE indicates venous thromboembolism. Heart Failure Registry also found that standard pharmacologic VTE prophylaxis regimens during hospitalization did not affect 30-day postdischarge outcomes, including the occurrence of thromboembolic events. 14 Neither of these studies evaluated the efficacy of continuation of VTE prophylaxis in the outpatient setting. 6, 14 Furthermore, a US single-institution study found that among elderly hospitalized patients who experienced a VTE event within 30 days of hospital discharge versus patients who did not that there had been less adherence to the ACCP guidelines for VTE prophylaxis. 11 These studies provide further evidence that current inpatient VTE prophylaxis strategies may not be optimal, particularly for older patients hospitalized for acute medical illness and that there is an unmet medical need for alternative prophylaxis regimens. The Acute Medically Ill VTE Prevention With Extended-Duration Betrixaban trial evaluated the efficacy and safety of betrixaban and included both elderly patients and patients with moderate and severe renal insufficiency. 17 In this trial, extended-duration betrixaban compared to standard-duration enoxaparin was associated with reduced risk for VTE (5.3% vs 7.0%; relative risk: 0.76; CI: 0.63-0.92, P ¼ .006) and no significant increase in the risk for major bleeding (0.7% vs 0.6%; relative risk: 1.19; 95% CI: 0.67-2.12; P ¼ .55). 17 Betrixaban may thus be an alternative option for VTE prophylaxis for acutely medically ill hospitalized patients.
In this study, we examined VTE prophylaxis patterns and VTE event rates during and after hospitalization for an acute medical illness, stratified by age-group and renal disease status. We did not evaluate the impact of VTE prophylaxis on the risk for VTE events during hospitalization or within 6 months of hospital discharge. This is an interesting topic for future studies in the real-world setting, especially in the case of certain patient groups with acute illnesses. It will be important for upcoming studies to further examine the most appropriate strategies for VTE prophylaxis in the inpatient and outpatient continuum of care. This is emphasized by the inconsistent results across studies of the impact of in particular inpatient VTE prophylaxis on VTE risk reduction, most notably among certain patient populations at high risk of VTE events. 6, [12] [13] [14] [15] 
Potential Limitations
Older age has been shown to be a risk factor for VTE risk in some studies, 4, 15 but among the study population of the current study, this was not observed as such. This could be potentially because health insurance claims information may not fully capture the occurrence of VTE, especially in outpatient settings. Also, there may have been differences in the characteristics of the other study populations, such as age-group distribution, acute illness distribution, comorbidity, and VTE prophylaxis patterns. The VTE prophylaxis rates may be higher than reported in this study, since the frequency of mechanical VTE prophylaxis was not measured in this study, as the data sources do not contain reliable information on mechanical VTE prophylaxis. Additionally, claims and hospitalization records in the MarketScan databases are subject to coding errors, coding for the purpose of rule out rather than actual disease, and undercoding, either by the health-care provider or due to limitations imposed by the database. Furthermore, the MarketScan databases may not be representative of the US population as a whole; for example, this study used claims data from MarketScan commercial and Medicare supplemental databases, which may not generalize to patients insured by Medicaid. Also, the majority of claims in the MarketScan databases are from patients located in the South Census region and thus may not be generalizable to other geographic regions in the United States, particularly the Northeast of which in the databases there is low representation. Despite the potential limitations, the MarketScan databases are generally robust in data, which likely represent real-world patterns of routine clinical practice in the United States.
Conclusion
In this large-scale retrospective analysis, among patients with acute medical illnesses who were hospitalized in the United States, nearly one-quarter were 75 years of age and older and one-third had baseline renal disease. Regardless of age or baseline renal disease, the majority of patients in all study cohorts did not receive any VTE prophylaxis. Among patients who had VTE events, across all age-groups, more than half of VTE events occurred after hospital discharge. The presence of renal disease might have influenced the likelihood of a patient receiving VTE prophylaxis. The results of this real-world study provide further evidence of the need for better optimization of VTE prophylaxis across all age-groups and renal disease status.
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